SUMMARY: A steroid fraction obtained from lemon juice was found to be an essential metabolite for Paramcium aurelia, var. 4, stock 51.7 (s), in axenic culture. This steroid is closely related to, or is identical with, either ,&sitosterol or y-sitosterol.
A steroid growth requirement of P. aurelia 435 0 n e -M ml. of each dilmtion of the fractions being tested was placed in each depression of 8 8-depression slide. Single isolations of P. aurelia were placed in each depression, and the depressions incubated at 27". After 24 hr. the number of animals present in each depression was counted and a single isolation from each depression was made into fresh culture fluid of the same composition. This was repeated three times. In each series a control, consisting of the basal medium with A. aerogenes alone, was included. No multiplication of P. aurelia took place in these controls, except during the flrst 24 hr.
In order to express quantitatively the activities of the different fractions as measured in the bacterized medium, it was necessary to adopt a unit of activity. One unit was arbitrarily defined as follows: a solution of an active fraction contains one unit when P. uurelia, var. 4, stock 51.7 (s), transferred to the medium, will undergo at least three fissions per day on three consecutive transfers of a single animal.
The highly purified fractions were tested qualitatively in an axenic medium prepared as follows: One pound of Fleischmann's bakers' yeast was finely crumbled and dried at 65". A 1 : 4 (w/v) suspension of the dried yeast was prepared by continuously stirring the yeast in distilled water at 60" for 8 hr.
The suspension was autoclaved for 20 min. at 120°, centrifuged, and filtered through a Seitz filter pad (no. 8 ) for sterilization and clarification. A 1% solution of proteose peptone (Difco) was made in distilled water and autoclaved for 20 min, at 120". One volume of the yeast extract was added aseptically to 5 vol. of the proteose peptone solution. In this medium the factor from plant extracts is the limiting component. The fractions were made up in double distilled water in the optimal concentration as determined by the backrial assay method. Such a fraction was considered to be active when P. aurelia, transferred to this medium, showed sustained growth for at least four consecutive transfers. This assay served to eliminate the possibility that the factor &om lemon juice was altered by the bacteria and thereby made available to P. aurelia.
After the factor had been obtained in the crystalline state and identified as a steroid, direct comparisons between the population densities obtained with other steroids were possible. Serial dilutions of the factor and of the steroids were made in the following manner: a weighed amount was dissolved in 95 % ethanol, so that the resulting solution contained 1 mg./ml. This solution was then added by means of a fine pipette to double distilled water heated to 70"; this resulted in the formation of a stable suspension. The final concentration of all compounds so prepared was lOOpg./ml. Further serial dilutions were made with distilled water. The tubes were then autoclaved. Desired amounts of these dilutions were added aseptically to the axenic medium described above. Approximately thirty animals were inoculated into each tube and incubated for 4 days at 27". After four such transfers the number of animals/ ml. in each tube was determined by counting the number of organisms present in suitable samples. (Nephelometric techniques could not be applied because of intense light scattering by the organisms.) Except for the first transfer, 
Distributiort of the growth factor
Various plant and animal sources were tested for growth-promoting activity. The results are given in Table 1 . No preparations from animal sources were active, It is not known whether the activity displayed by the different plant extracts is due to the same factor. Lemon concentrate was the most active source and was selected for the extraction and purification of the growth factor. Extractim and p r i f i a t i m of the growth factor from lemm juice The extraction procedure included the following steps : (1) precipitation of the active fraction with acetone; (2) extraction of the precipitate with hot ethanol; (3) saponification of the extract with methanolic KOH; ( 4 ) phase distribution; ( 5 ) chromatography. Steps 1-4 are given in Table 2 , and step 5 in Table 8 . In the first two steps, the precipitation and the extraction of the precipitation with hot ethanol, the total activity increased, presumably caused by the removal of inhibitory substances. The saponification of the ethanolic extract resulted in a large increase in potencylpg., as does the following phase distribution.
Three distinct bands appear in the chromatogram ( Table 8) . Most of the activity is present in the second band. After elution with hot ethanol a yellow solution was obtained fkom which white crystals separated after cooling to -1 0 ' . The inactive yellow material was removed by repeated recrystallization from 95% ethanol a t 4O. A pure compound, representing O*OZS% of the original solids and 20% of the original activity, was isolated. The chemical characteristics of this compound are given in Table 4 .
The infra-red spectrum of the growth factor for P. aurelia is very similar to that of a sample of p-sitosterol (Fig. 1). A steroid growth requirement of P. aurelia 437 Table 8 . Alumina column step in the purijcation for the growth factor for Paramecium aurelia, var. 4, stock 51.7 (5) 4.5 g. of fraction 6 ( Table 2) was dissolved in 25 ml. C Q . 5 ml. portions were added to columns (1.5 x 10 cm.) of 12 g. cyanide-treated, acetic-acid-washed alumina (Eli LiUy and Co., Indianapolis, Indiana. Lot number 19MB-292). The column was washed with 25ml. CCl, and developed with CC14-ethyl ether (9.1) till 3 bands separated. A total of 25 ml. of the developer was used. The column was cut in three portions corresponding to the bands, and each portion was eluted with hot ethanol. The combined fraotions of five such chromatograms were combined and evaporated in u r n to solids. The growth-promoting activity of the factor from lemon juice was cornpared with that of &sitosterol and clionasterol (inferred to be the 24u-epher of p-sitosterol (Bergmann & Low, 1947; Fieser & Fieser, 1949) ). It can be seen from Fig. 2 , that the three compounds have very similar growthpromoting activities.
Band
Because of (1) the close similarity of the infra-red spectra of the factor from lemon juice and 8-sitosterol, and (2) the fact that the factor from lemon juice, @&osterol and clionasterol have similar growth-promoting activities, it is tentatively concluded that the growth factor for P. uureZiu, var. 4, stock 51.7 (s), is closely related to, or identical with, either b-or y-sitosterol. The possibility is not excluded that the fraction isolated from lemon juice is a mixture of these two isomers.
